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Iron	 age	 from	 three	 sites	 in	 the	Campania	 region	
have	been	examined	for	their	mineral	components,	
chemical	 and	Pb-isotope	 composition	by	 a	multi-
technique	 approach	 (XRD,	 SEM-EDS,	 ICP-MS,	




analyses	 have	 allowed	 the	 characterisation	 of	
different	elements	from	the metal	and	slag	objects.	










approccio	multianalitico	 (XRD,	 SEM-EDS,	 ICP-
MS,	AAS	e	LIRMS).	Le	analisi	mineralogiche	hanno	
evidenziato	la	presenza	di	tre	tipologie	di	manufatti,	
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introduction
It	 is	 well	 known	 that	 a	 great	 abundance	 of	
metallic	artefacts	and	fragments	of	scrap-metals	
occur	 in	 several	 archaeological	 sites	 in	 the	
Campania	region	(Southern	Italy),	bearing	witness	
of	local	metal	working	activities	throughout	several	
cultures.	 Nevertheless,	 detailed	 mineralogical	
and	 geochemical	 studies	 aimed	 to	 clarify	 the	
composition	of	the	objects	and	raw	materials	of	
prehistoric	and	historical	times	found	in	this	region	
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The	 characterization	 of	 the	 archaeological	
artefacts	is	also	aimed	to	the	study	of	the	production	
of	metals	in	antiquity,	as	well	as	the	processing	
and	 smithing	 technologies	 (Pernicka,	2004	and	
references	 therein),	 and	 to	detect	 the	 source	of	













overlap	considerably	 (Degryse	et al.,	 2007	and	
reference	therein).	Many	works	have	been	devoted	











As	 regards	 southern	 Italy,	 it	 is	 known	 that	
















inductively	 coupled	 plasma	mass	 spectrometry	
(ICP-MS)	 and	 atomic	 absorption	 spectrometry	




the ArchAeoloGicAl context and the 
MAteriAls studied
In	 the	 Campania	 region	 various	 sites	 of	 the	
Iron	Age	culture	occur	(Fig.	1).	Their	ages	range	
generally	span	between	the	IX	and	the	VIII	century	
B.C.	 The	 archaeological	 artefacts	 investigated	
in	 this	 study	 come	 from	 three	 Iron	Age	 sites:	















the	 site	 was	 definitely	 abandoned	 (Cicirelli	 et 
al.,	2006).	This	 is	 the	 first	protohistoric	village	
discovered	in	this	area;	other	two	similar	nearby	
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1998;	 Johannowsky,	1994).	 In	 the	municipality	
of	 Salerno	 two	 large	 Iron	 Age	 necropolises	
have	 been	 discovered	 during	 the	 preliminary	
geoarchaelogical	prospections,	requested	by	the	
Superintendence	of	Salerno	before	starting	a	new	
























Two	 lead	 artefacts	 in	 form	 of	 small	 animals	
were	collected	in	the	tomb	T88	of	Castel	Vetrano,	
Fig.	2	–	The	Castel	Vetrano	necropolis,	Tomb	#88.	On	the	right	the	funerary	set.
	 Characterization of metallic artefacts from the Iron Age culture in Campania (Italy): a multi-analytical study 49
which	is	a	woman’s	tomb	located	in	the	“southern	
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instrumental	analyses.	No	samples	form	the	two	
finds	A-T88	 and	B-T88	 could	 be	 available	 for	
chemical	determinations,	due	to	the	invasive	nature	
of	this	kind	of	analyses.	Powder X-ray diffraction	 	 	
data	 were	 collected	 with	 a	 Seifert–GE MZVI	 	
diffractometer, under the following conditions:	 	 	 	 	
CuKα radiation at ��� ��� and ��� ���� �� and ��40	 kV	 	 30	mA,	 2	 	 1	
mm	divergence	slits,	1	mm	receiving	slit	0.1	mm,	
antiscatter	 slit	1	mm,	step	scan	0.05°,	counting	






instrument	 5310,	 equipped	 with	 a	 Link	 EDS	



























natural	Tl.	The	 external	 reproducibility	 on	 the	
NIST	SRM	981	reference	material	amounted	to	
± ��.����5% (��σ standard deviations)�� very si�ilar 
to	 the	 individual	 in-run	 precision	 on	 unknown	
samples.	For	the	other	metallic	samples,	we	have	
performed	a	chemical	separation	as	follows.	The	
samples	were	 first	 dissolved	 in	 hot	aqua regia	













The	 SEM	 micrographs	 of	 selected	 Pb-
based	 archaeological	 artefacts	 from	 Longola-
Poggiomarino	 are	 presented	 in	 Fig.	 4	 (a,b),	
whereas	the	results	of	bulk	XRD	analyses	(both	
alteration	 patinae	 and	 inner	 parts)	 are	 showed	
in	 Fig.	 5	 and	 Table	 2.	 SEM	 images	 show	 the	
alteration	 surfaces,	 mainly	 consisting	 of	 an	





(main	diffraction	peaks	 at	 2.85,	 2.47,	 1.74	 and	
1.48	Å),	associated	to	various	amounts	of	cerussite	
(PbCO3),	 hydrocerussite	 [Pb3(CO3)2(OH)2]	 and	











































detected	 and	 additional	 peaks	 are	 assigned	 to	
lanarkite	and	to	traces	of	galena	(PbS),	anglesite	
(PbSO4)	and	massicot.








elements	 of	 the	 samples	 studied	 is	 shown	 in	
Table	3,	whereas	a	representative	micro-chemical	
composition	 (EDS)	 of	 the	 studied	 artefacts	 is	
presented	 in	 Fig.	 6.	 Samples	A1a,	A1b,	A1c,	
A2,	A3,	A5a,	A5b	 and	 P05-10	 are	 chemically	
rather	similar.	As	demonstrated	by	 the	minerals	












be	 related	 to	 surface	 impurities	an/or	alteration	
encrustations	due	to	post-depositional	interaction	


























lithophile	elements	 (Na,	K,	Ti)	can	enter	 in	 the	
silicate	 lattices	 and/or	 form	 the	 glass	material,	
together	 with	 iron,	 silicon,	 aluminium	 and	
calcium.











EDS	 only	 for	 their	 semiquantitative	 elemental	
composition	 (Fig.	 6g);	 they	 appear	 mainly	
composed	by	metallic	lead,	as	also	confirmed	by	
the	XRD	patterns.
The	 results	 of	 the	 LIRMS	 of	 Longola-
Poggiomarino	 samples	 and	 of	 the	 few	 other	
specimens	 from	Castel	Vetrano	 and	 the	 Sarno	
valley	 necropolis	 are	 reported	 in	 Table	 4	 and	
graphically	 shown	 in	 Fig.	 7.	 The	 Pb-isotopic	
ratios	 define	 for	 almost	 all	 specimens	 a	 quite	
restricted	field	(“Hercynian”),	where	most	values	
of	both	208Pb/204Pb	vs	206Pb/204Pb,	and	207Pb/204Pb	
vs	 206Pb/204Pb	 can	 be	 allocated	 (with	 only	 two	
exceptions).	The	isotopic	data	in	the	abscissa	206Pb/
Fig.	5	– XRD diffraction patterns of selected finds (L, lead. C, cerussite. H, hydrocerussite. Li, litharge. M, massicot. P,	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	
pyromorphite.	Lh,	leadhillite.	Lk,	lanarkite.	Cu, copper. Cp, cuprite. D, delafossite. Mt, magnetite. W, wüstite. V, vivianite.	 	 	 	 	 	 	 	 	 	 	 	
An,	anglesite.	G,	galena.	Hd,	hedenbergite.	Fb,	ferrobustamite.	Fh,	ferrihydrite).
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204Pb	range	between	17.90	and	18.37,	with	most	









Also	 the	 two	 small	 objects	A-T88	 and	 B-T88	
from	Castel	Vetrano	necropolis	have	very	similar	
isotopic	 signatures:	 208Pb/204Pb	 =	 38.29-38.56,	
207Pb/204Pb	=	15.64-15.66	and	206Pb/204Pb	=	18.17-
18.39.	Specimen	A3	is	slightly	different:	it	has	a	
208Pb/204Pb	 ratio	 of	 37.98,	while	 the	 207Pb/204Pb	
ratio	corresponds	to	15.64	and	206Pb/204Pb	to	17.90.	
A	 completely	 different	 isotopic	 signature	 has	
been	detected	in	the	leaden	fragment	P05-10	from	
Longola-Poggiomarino,	whose	208Pb/204Pb	isotopic	




are	 the	 commonest	 alteration	 product	 of	 lead,	
followed	by	hydrocerussite,	leadhillite,	lanarkite	

























Mineral assemblages deduced by XRD, listed in order of decreasing abundance
















most	of	 the	 samples	hints	 that	 the	 first	mineral	
phase	is	thermodynamically	stable	relative	to	the	
second	one	in	 the	burial	enrironments.	Litharge	
and	massicot	 can	 form	cuncurrently	during	 the	
oxidation	 of	 Pb	 at	 terrestrial	 tempartures	 and	
pressure,	but	massicot	is	a	metastable	fast-former	
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for	 example,	 in	 some	 archaeological	 bronze	






small	 amounts	 in	one	of	 the	 iron-rich	 samples,	
can	be	generally	related	to	environment	conditions	
with	low	pH	and	Eh,	presence	of	organic	matter	
and	 iron-rich	materials	 (Maritan	 and	Mazzoli,	
2004).
The	elemental	analysis	reveals	 that	all	 the	Pb	
artefacts	 always	 contain	 silver,	 but	 generally	
the	 amount	 of	 other	minor	 and	 trace	 elements	
is	low,	as	in	many	deposits	of	the	MVT	type.	A	
rich	assemblage	of	trace	elements	would	indicate	
an	 origin	 from	 hydrothermal	 veins	 related	 to	
magmatic	 activity	 or	 volcanogenic	 massive	
sulphides	(VMS).
The	two	metallic	objects	from	Castel	Vetrano	
consist	 of	 lead	with	 high	 purity.	According	 to	
Cincotti	et al.	(2003),	who	analysed	lead	objects	
from	 late	Bronze	 to	 early	 Iron	age	 in	Sardinia,	




In	 the	 Cu-based	 finding	 from	 Longola-
Poggiomarino,	 copper	 is	 alloyed	 to	 Pb	 in	
appreciable	concentrations.	This	 is	 in	 line	with	
the	 data	 of	Pernicka	 (2004),	who	 reported	 that	
in	 archaeological	 copper	 findings	 Pb,	 Sn	 and,	
starting	from	the	late	Hellenistic	period,	also	Zn	
were	the	main	metals	occurring	in	the	alloy.	The	








Sample	 208Pb/	204Pb ±��σ 207Pb/	204Pb ±��σ 206Pb/	204Pb	 ±��σ
A1a 38.50 0.05 15.67 0.02 18.33 0.02
A1b 38.51 0.05 15.67 0.02 18.34 0.02
A2 38.43 0.06 15.67 0.02 18.27 0.02
A3 37.99 0.04 15.64 0.02 17.90 0.01
A4 38.52 0.05 15.67 0.02 18.35 0.01
A5a 38.52 0.05 15.67 0.01 18.34 0.01
A5b 38.51 0.07 15.66 0.03 18.34 0.03
P05-10 38.88 0.06 15.69 0.02 18.86 0.02
B1 38.54 0.08 15.67 0.03 18.37 0.03
B2 38.55 0.04 15.68 0.01 18.34 0.01
B4 38.52 0.04 15.67 0.02 18.34 0.01
P05-4 38.52 0.04 15.67 0.02 18.33 0.01
A-T88 38.30 0.01 15.64 0.02 18.17 0.04
B-T88 38.56 0.01 15.67 0.03 18.40 0.03
tAble 4
Pb-isotopic ratios of the analysed samples.
58	 G. bAlAssone, M. boni, G. di MAio	and	I.M.	villA	
The	 iron	slags	analysed	 for	 the	present	 study	
are	 of	 two	 types,	 oxide-dominated	 (magnetite	
and	 minor	 wüstite)	 and	 silicate-dominated	
(ferrobustamite-hedenbergite).	The	first	mineral	
assemblage	is	a	typical	oxidation	product	formed	








diagram.	Symbols and abbreviations as in a).	 	 	 	 	
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al.,	2003;	Alamri,	2007).	Typically,	the	ferrous	ore	
charge	passes	through	various	reactions,	yielding	




in	 the	 studied	 assemblage	 demonstrates	 an	















from	 pre-Tertiary	metallogenic	 districts	 of	 the	
Mediterranean	 realm.	Likely	sources	both	 from	
the	 isotopic	 and	 historical	 point	 of	 view	may	
be	the	island	of	Sardinia	and	southern	Spain.	In	
Sardinia	both	the	Sarrabus	and	Arburese	mining	





and/or	 the	Alcudia-Los	 Pedroches-Linares	 La	
Carolina	mining	 districts	 (Santos	 Zalduegui	 et 
al.,	2004)	fulfill	the	same	isotopic	and	historical	
requirements.	The	 latter	 district	 has	 a	 very	old	




signatures	 of	 the	 studied	metallic	 findings	 are	
not	 unambiguous,	 and	 might	 also	 fit	 to	 other	
mining	districts,	like	the	eastern	alpine	ores	(e.g	






















composition	quite	 similar	 to	 the	 galenas	 found	
in	 the	 vein-	 and	 paleokarst	 Pb-Ag	 ore	 type	 of	
southwestern	 Sardinia	 (Iglesiente-Sulcis,	 Boni	
























Likely	 commercial	 trades	 concerning	 both	
rough	ores	and	refined	metals,	between	southern	




(mineralogy,	 geochemistry	 and	 Pb-isotopic	
geochemistry),	it	was	possible	to	characterize	and	
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